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SUMMARY 
The d i scha rge  chamber o f  a 30 cm argon i o n  source was s u c c e s s f u l l y  used 
To e v a l u a t e  t h e  d u r a b i l i t y  o f  
t o  t e x t u r e  p o t e n t i a l  space r a d i a t o r  m a t e r i a l s  f o r  t h e  purpose o f  o b t a i n i n g  Val -  
ues o f  t he rma l  em i t tance  g r e a t e r  than 0.85 a t  700 and 900 K. Some samples 
were a l s o  t r e a t e d  i n  a c i d  p r i o r  t o  t e x t u r i n g .  
t h e  t e x t u r e d  m a t e r i a l s  t o  atomic oxygen, samples were exposed t o  an RF a i r  
h plasma environment.  The s p e c t r a l  emit tance between 2.0 and 15.0 pm was meas- 
m a ured  b e f o r e  and a f t e r  t h e  t e x t u r e d  m a t e r i a l s  were exposed t o  t h e  plasma asher.  
The r e s u l t s  
t e x t u r i n g  (0.978 and 0.983) a t  700 and 900 K r e s p e c t i v e l y  d i d  n o t  change i t s  
v a l u e  o f  em i t tance  a f t e r  ashing, whereas t h e  emi t tance  o f  s t a i n l e s s  s t e e l  f e l l  
below 0.85 a f t e r  ashing.  These data,  a l o n g  w i t h  scanning e l e c t r o n  pho tomic ro -  
graphs, and t h e  r e s u l t s  o f  t e x t u r i n g  and ash ing  t i t a n i u m  and Nb(1 )Z r  a r e  p r e -  
sented i n  t h i s  paper. 
a3 
I 
w i n d i c a t e  t h a t  copper w i t h  ex t reme ly  h i g h  va lues o f  em i t tance  a f t e r  
INTRODUCTION 
Power requi rements f o r  t h e  Space S t a t i o n  and spaced based n u c l e a r  reac-. 
t o r s  r e q u i r e  t h e  development o f  improved r a d i a t o r s  f o r  waste heat  r e j e c t i o n .  
To m in im ize  t h e  r a d i a t o r  s i z e ,  surfaces a r e  r e q u i r e d  t o  n o t  o n l y  have h i g h  
e m i t t a n c e  a t  t h e  r a d i a t o r  o p e r a t i n g  temperature,  b u t  a l s o  be d u r a b l e  t o  atomic 
oxygen and m a i n t a i n  h i g h  emi t tance  i n  t h e  low e a r t h  o r b i t a l  environment.  As 
an example, t h e  SP-100 Power System, a 100 kW space n u c l e a r  power system, shown 
i n  f i g u r e  1, t o  be packagable i n  t h e  S h u t t l e  and a v i a b l e  system, needs a r a d i -  
a t o r  whose va lue  o f  em i t tance  i s  a t  l e a s t  0.85 a t  o p e r a t i n g  temperatures o f  700 
t o  900 K ( r e f .  1). M a t e r i a l s  c u r r e n t l y  cons idered f o r  use as a r a d i a t o r  do n o t  
have such a h i g h  va lue  o f  emi t tance.  It i s ,  however, p o s s i b l e  t o  o b t a i n  a h i g h  
the rma l  em i t tance  th rough  t h e  use o f  e i t h e r  a c o a t i n g  ( r e f .  2 ) ,  o r  a change i n  
s u r f a c e  morphology ( r e f .  3 ) .  Coatings t e n d  t o  have i n t r i n s i c  s t r e s s  ( r e f .  4 )  
and can spa11 when t h e r m a l l y  c y c l e d  or r a i s e d  t o  e l e v a t e d  temperature l e v e l s  
( r e f .  5 ) .  These phenomena, however do n o t  occur  on su r faces  t h a t  have been i o n  
beam t e x t u r e d .  I o n  beam t e x t u r i n g  induces a p h y s i c a l  change i n  t h e  s u r f a c e  o f  
a m a t e r i a l  and t h u s  changes i t s  o p t i c a l  p r o p e r t i e s  ( r e f s .  3 and 6 ) .  Thus, a 
h i g h  e m i t t a n c e  can be ob ta ined  by a morphology change on t h e  su r face ,  one t h a t  
does n o t  a l t e r  t h e  s u r f a c e  chemis t r y  and hence m a i n t a i n s  i t s  i n t e g r i t y .  'The 
f i r s t  e x t e n s i v e  s tudy  o f  t h e  i o n  beam t e x t u r i n g  process was performed by  Wehner 
and H a j i c e k  ( r e f .  7 ) .  Hudson ( r e f .  8)  s t u d i e d  t h e  t e x t u r i n g  o f  o v e r  t h i r t y  
elements u s i n g  an i o n  source. Kaufman and Robinson ( r e f .  9) showed t h a t  t o  
o b t a i n  u n i f o r m  changes i n  s u r f a c e  morphology o v e r  a l a r g e  area,  u s i n g  i o n  
source t e x t u r i n g  techniques,  s u b s t r a t e  temperature was i m p o r t a n t .  O the r  param- 
e t e r s  o f  importance were h i g h  c u r r e n t  d e n s i t y ,  energy, and seed m a t e r i a l  d u r -  
i n g  t e x t u r i n g .  V a r i a t i o n s  o f  t hese  parameters c o u l d  l e a d  t o  a d e s i r a b l e  va lue  
o f  em i t tance  f o r  a g i v e n  m a t e r i a l .  The system chosen t o  i o n  t e x t u r e  m a t e r i a l s  
was t h e  d i scha rge  chamber o f  a 30 cm i o n  source, e s s e n t i a l l y  a s imp le  t r i o d e  
c o n f i g u r a t i o n .  This  system was used by Curren ( r e f .  10)  t o  o b t a i n  u n i f o r m l y  
t e x t u r e d  copper specimen 4 i n .  i n  d iameter ,  and can be s c a l e d  t o  meet t h e  p r o -  
d u c t i o n  requirements necessary f o r  t e x t u r i n g  l a r g e  r a d i a t o r  areas.  
I n  t h i s  study f o u r  m a t e r i a l s ,  s t a i n l e s s  s t e e l  ( S . S . )  t y p e  304, t i t a n i u m  
16  pe rcen t  vanadium, 2.5 p e r c e n t  aluminum ( l i ( 1 6 , 2 . 5 ) ) ,  copper (Cu), and 
n iob ium 1 pe rcen t  z i r c o n i u m  (Nb(1)Zr)  o f  genera l  i n t e r e s t  f o r  r a d i a t o r  a p p l i c a -  
t i o n s  have been t e x t u r e d .  
o f  each s u r f a c e  t o  c h a r a c t e r i z e  t h e  r e s u l t i n g  morphology. 
s p e c t r a l  t o t a l  r e f l e c t a n c e  ( s p e c u l a r  and d i f f u s e )  between 1.5 and 15 pm were 
made u s i n g  a Hohlraum r e f l e c t o m e t e r .  T o t a l  em i t tance  no rma l i zed  t o  700 and 
900 K blackbodies were c a l c u l a t e d  f rom these  da ta .  Textured samples were a l s o  
exposed i n  an R F  plasma asher  t o  e v a l u a t e  t h e i r  d u r a b i l i t y  t o  s imu la ted  atomic 
oxygen ( r e f .  11) .  
Scanning e l e c t r o n  photomicrographs have been taken  
Measurements o f  t h e  
APPARAlUS AND PROCEDURE 
Discharge Chamber T e x t u r i n g  
A schematic i l l u s t r a t i n g  t h e  v a r i o u s  p a r t s  o f  t h e  i o n  source used i n  i o n  
t e x t u r i n g  i s  shown i n  f i g u r e  2. Sample m a t e r i a l s  t o  be t e x t u r e d  were p laced  
i n  t h e  h o l d e r  as shown i n  f i g u r e  2 and then  s u b j e c t e d  t o  an i o n  beam made up 
o f  argon i o n s  i n  a background vacuum environment o f  2 . 0 ~ 1 0 - 5  t o r r .  
was f e d  i n t o  t h e  d i scha rge  chamber a t  a f l o w  r a t e  o f  a p p r o x i m a t e l y  80 scc/min, 
i o n i z e d ,  and then a c c e l e r a t e d  by t h e  n e g a t i v e  1500 V p o t e n t i a l  ma in ta ined  on 
t h e  sample. The sample h o l d e r  was equipped w i t h  a t a n t a l u m  h e a t e r  which 
a l l owed  f o r  va ry ing  sample temperature w h i l e  h o l d i n g  a l l  o t h e r  parameters con-  
s t a n t .  Dur ing  t e s t i n g  o f  v a r i o u s  cand ida te  r a d i a t o r  m a t e r i a l s  t h e  sample tem- 
p e r a t u r e ,  sur face c u r r e n t  d e n s i t y ,  and exposure t i m e  were v a r i e d  i n  o r d e r  t o  
achieve t h e  h ighes t  p o s s i b l e  emi t tance .  
i t s  h o l d e r  p r i o r  t o  be ing  i n s t a l l e d  i n  t h e  d i scha rge  chamber. The samples 
measured 2.35 cm i n  d iamete r  and had th i cknesses  v a r y i n g  f rom 0.078 cm f o r  
S.S. t o  0.183 cm f o r  T i .  Be fo re  be ing  p laced  i n  t h e  h o l d e r ,  a l l  samples were 
c leaned w i t h  very f i n e  g r a i n e d  sandpaper, and then  r i n s e d  w i t h  acetone and 
h i g h - p u r i t y  e t h y l  a l c o h o l  on absorbent  paper t o  remove Contaminants.  
p l e  was surrounded by  a t a n t a l u m  s k i r t  which was secured 0.79 cm above t h e  
h o l d e r ,  and sloped outward a t  a 4 5 0  ang le .  
m a t e r i a l  ( r e f .  3) t o  i n i t i a t e  and s u s t a i n  t h e  t e x t u r i n g  process. Some amount 
o f  exper imen t ing  was necessary t o  determine t h e  p r o p e r  h e i g h t  r e q u i r e d  f o r  
o b t a i n i n g  a un i form t e x t u r e  on t h e  m a t e r i a l  su r face .  Thermocouples were a l s o  
a t tached  t o  t h e  h o l d e r  and t o  t h e  sample t o  m o n i t o r  temperature l e v e l s .  A 
molybdenum r i n g  f i t s  o v e r  t h e  sample t o  ensure t h a t  good e l e c t r i c a l  c o n t a c t  was 
made between t h e  sample and t h e  h o l d e r .  Wh i le  i o n  beam- tex tu r ing ,  t h e  t a n t a l u m  
s k i r t  was a t  t h e  same e l e c t r i c a l  p o t e n t i a l  as t h e  sample (-1500 V ) .  However, 
f o r  t h e  l a s t  10 sec o f  t e x t u r i n g ,  t h e  p o t e n t i a l  was removed thus  a l l o w i n g  f o r  
removal o f  t h e  unwanted t a n t a l u m  from t h e  t e x t u r e d  sample. 
Argon gas 
F i g u r e  3 shows d sample r e s t i n g  i n  
The ram- 
The l a  s k i r t  was used as a seed 
2 
A l l  f o u r  m a t e r i a l s  were i o n  tex tu red  by 1500 eV argon ions .  Each m a t e r i a l  
was exposed i n  t h e  d ischarge chamber f o r  d i f f e r e n t  l eng ths  o f  t ime.  The u l t i -  
mate change i n  su r face  morphology was ob ta ined f o r  a g i ven  exposure c o n d i t i o n  
by t e x t u r i n g  t h e  samples u n t i l  t h e r e  were no f u r t h e r  changes i n  morphology. 
The r e s u l t i n g  m i c r o s t r u c t u r e s  w e r e  unique f o r  each m a t e r i a l  and r e p r o d u c i b l e  
under i d e n t i c a l  c o n d i t i o n s .  Exposure t i m e s  t o  reach morphology e q u i l i b r i u m  
a r e  g i ven  i n  t a b l e  I. 
High values o f  emi t tance a r e  des i red  a t  700 and 900 K, t hus  low va lues o f  
r e f l e c t a n c e  a r e  needed i n  t h e  wavelength r e g i o n  corresponding t o  4 and 3 pm 
r e s p e c t i v e l y .  
c o n t r o l l e d  by s u b s t r a t e  temperatures du r ing  t h e  t e x t u r i n g  ( r e f .  9 ) .  It was 
w i t h  t h i s  i n  mind t h a t  t h e  specimens were taken t o  e l e v a t e d  temperatures 
approaching 1000 K d u r i n g  t e x t u r i n g .  
It has been shown that  t h e  average s e p a r a t i o n  between cones i s  
Ref lectance Measurements 
O p t i c a l  p r o p e r t i e s  o f  t h e  ma te r ia l s  i n  t h e  i n f r a r e d  r e g i o n  ( 2  t o  1 5  pm) 
were o b t a i n e d  us ing  a hohlraum re f l ec tomete r ,  shown i n  f i g u r e  4. The hohlraum 
r e f l e c t o m e t e r  measures t o t a l  normal o r  d i f f u s e  r e f l e c t a n c e .  The i o n  t e x t u r e d  
samples 2.38 cm i n  d iameter ,  i n  a w a t e r  coo led  h o l d e r  were p laced i n t o  a charn- 
be r  t h a t  had a n i c k e l  ox ide  c o a t i n g  which was heated t o  873 K.  The r e f l e c t e d  
r a d i a t i o n  f rom t h e  sample was d i r e c t e d  i n t o  a monochromator. The monochroma- 
t o r  was d r i v e n  by an e l e c t r i c  motor  t o  o b t a i n  a cont inuous r e f l e c t a n c e  curve  
f o r  t h e  wavelength r e g i o n  o f  2 t o  1 5  pm. The n i c k e l  ox ide  c o a t i n g  on t h e  w a l l  
o f  t h e  chamber (-0.98 blackbody) was used as a r e f e r e n c e  and cont inuous r e f l e c -  
tance curves were  ob ta ined f o r  bo th  the sample and t h e  n i c k e l  ox ide  w a l l .  The 
s p e c t r a l  r e f l e c t a n c e  then i s  t h e  r a t i o  o f  t h e  i o n  t e x t u r e d  sample r e f l e c t a n c e  
a t  one wavelength.  From t h i s  re f l ec tance  da ta  va lues o f  t o t a l  emi t tance were 
o b t a i n e d  by n o r m a l i z i n g  t o  700 and 900 K b lackbod ies .  
I h e  c a l c u l a t i o n  f o r  t o t a l  e m i t t a n c e  i s :  
J i =1 __ _-_ .. ___ z l -  ET = 1 - ---- .------ 
Id A)dA f q i ( A ) ( A A i )  
i =1 
where p i ( h )  i s  t h e  s p e c t r a l  r e f l e c t a n c e  a t  i = 1, 2.5, 3, ..., 1 5  pm. 
cpi(X) i s  t h e  s p e c t r a l  i r r a d i a n c e  f rom a 700 o r  900 K blackbody. (AX!) i s  
0.5 pm. 
Asher 
a b i  
o rb  
1 
i 
Plasma ashers employing a 13.45 MHz a i r  d ischarge t o  t e s t  a m a t e r i a l ' s  
i t y  t o  s u r v i v e  l ong  t e r m  exposure t o  atomic oxygen i n  s imu la ted  low e a r t h  
t (LEO). The r e l a t i v e  r a t e s  o f  degradat ion between t i m e  i n  an asher and 
exposure i n  LEO v a r i e s  w i t h  d i f f e r e n t  m a t e r i a l s .  However, m a t e r i a l s  t h a t  
s u r v i v e  i n  LEO g e n e r a l l y  s u r v i v e  i n  ashers and those t h a t  degrade i n  I E O  
degrade i n  ashers ( r e f .  11). The tex tu red  m a t e r i a l s  were exposed f o r  114 h r  
3 
each i n  a plasma asher t o  e v a l u a t e  t h e  d u r a b i l i t y  o f  t h e i r  o p t i c a l  p r o p e r t i e s  
t o  atomic oxygen. 
RESULTS AND DISCUSSION 
F i g u r e  5 shows t h e  development o f  t h e  morphology o f  a copper specimen 
exposed f o r  0.5, 1, and 2 h r  t o  1500 eV argon i o n s  u s i n g  t a n t a l u m  as a seed 
m a t e r i a l  w i t h  the Cu specimen a t  943 K.  
i n  2 h r .  The f u l l y  developed su r face  morphology o f  t e x t u r e d  S.S. and T i  a r e  
shown i n  f i g u r e  6. The r e s u l t i n g  s t r u c t u r e s  a r e  o f  t h e  f o r m  o f  cones, p y r a -  
mids, r i d g e s ,  o r  w a v e l i k e  fo rma t ions .  
be h i g h l y  absorb ing due t o  m u l t i p l e  r e f l e c t i o n s  o f  i n c i d e n t  photons on t h e  
w a l l s .  S ince  some o f  t h e  t e x t u r e s  have dimensions o f  t h e  o r d e r  o f  r a d i a t i o n  
i n  t h e  m ic ron  region, t h e s e  su r faces  have low  r e f l e c t i v i t y  o r  h i g h  emi t tance  
i n  t h e  i n f r a r e d .  
The f u l l y  developed s t r u c t u r e  occurs 
The s teep w a l l s  o f  t h e s e  s t r u c t u r e s  can 
Nb(1)Zr was a l s o  t e x t u r e d  d u r i n g  these  exper imen ta l  c o n d i t i o n s  b u t  d e v e l -  
oped t h e  morphology shown i n  f i g u r e  7 .  
l a r g e  compared to t h e  wavelengths r e g i o n  o f  i n t e r e s t  and hence d i d  n o t  y i e l d  
h i g h  va lues o f  emi t tance (see t a b l e  I ) .  Shown i n  f i g u r e  8 i s  t h e  s p e c t r a l  
t o t a l  em i t tance  between 1.5 and 15.0 pm f o r  T i  (16,2.5), t e x t u r e d  a t  1120 K 
f o r  t imes  va ry ing  f r o m  1 5  min t o  2 h r .  A f t e r  15 min n o t  enough s t r u c t u r e s  
were formed t o  make much o f  a d i f f e r e n c e  i n  t h e  s p e c t r a l  em i t tance  a t  any wave- 
l e n g t h .  The values o f  s p e c t r a l  em i t tance  ob ta ined  a f t e r  2 h r  o f  t e x t u r i n g  
were f o r  a f u l l y  developed s u r f a c e  morphology. Cont inued t e x t u r i n g  o f  li a t  
these  c o n d i t i o n s  produced no f u r t h e r  changes i n  t h e  va lues o f  em i t tance .  T o t a l  
em i t tance  values f o r  T i  (16,2.5) a t  700 and 900 K were 0.75 and 0.80, respec-  
t i v e l y .  It should be no ted  t h a t  d i f f u s e  r e f l e c t a n c e  measurements made on t h e  
samples w i t h  f u l l y  developed morphologies showed t h a t  t h e  measured r e f l e c t a n c e s  
were t o t a l l y  d i f f u s e .  Hence, t h e  va lue  o f  em i t tance  p resen ted  h e r e i n  a r e  t o t a l  
em i t tance  values. 
The dimensions o f  t h i s  morphology a r e  
F i g u r e  9 shows t h e  s p e c t r a l  em i t tance  o f  t h e  Cu sample. The va lues o f  
em i t tance  f o r  Cu were t h e  h i g h e s t  ob ta ined  i n  t h i s  s tudy,  a v e r y  h i g h  0.978 a t  
700 K and 0.983 a t  900 K.  Shown i n  f i g u r e  10 a r e  t h e  s p e c t r a l  em i t tance  f o r  
t h r e e  S.S. t y p e  304 samples; one S.S. sample's em i t tance  was enhanced by  d i s -  
charge chamber t e x t u r i n g  o n l y ,  a second S.S. sample was immersed i n  HC1 a c i d  
f o r  a few minutes and t h e n  d i scha rge  chamber t e x t u r e d ,  t h e  t h i r d  was t r e a t e d  
w i t h  HC1, d ischarge chamber t e x t u r e d ,  and t h e n  ashed f o r  2 h r .  There a r e  noted 
d i f f e r e n c e s  i n  the s p e c t r a l  em i t tance ,  e s p e c i a l l y  a t  wavelengths g r e a t e r  t han  
10  pm. The values o f  t o t a l  em i t tance  a t  700 and 900 K d i d  n o t  v a r y  much 
( t a b l e  I )  by the  d i f f e r e n c e  i n  t r e a t m e n t  f o r  t h e  f i r s t  two wmp les ,  b u t  d i d  
decrease a f t e r  exposure t o  t h e  asher .  Us ing S.S. as a r a d i a t o r  m a t e r i a l  i n  
low e a r t h  o r b i t  w i t h o u t  p r o t e c t i o n  f rom atomic oxygen c o u l d  be a problem. 
ever ,  b o t h  Cu and li d i d  n o t  change i n  emi t tance  a f t e r  exposure t o  t h e  asher .  
l h e  r e s u l t s  o f  these s t u d i e s  a r e  p r e l i m i n a r y ,  and t h e  c o n d i t i o n s  i n  t h e  d i s -  
charge chamber, i n c l u d i n g  temperature and seed m a t e r i a l  have n o t  been f u l l y  
exp lo red  o r  opt imized.  However, i t  i s  c l e a r  t h a t  t h e  d i s c h a r g e  chamber c o n d i -  
t i o n s  used i n  t h i s  s tudy d i d  produce va lues of e m i t t a n c e  f o r  Cu and S . S .  t h a t  
exceeded t h e  goals o f  0.85 a t  700 and 900 K .  It i s  f e l t  t h a t  under t h e  p roper  
c o n d i t i o n s  Nb(1)Zr o r  T i  c o u l d  be d i scha rge  chamber t e x t u r e d  t o  produce h i g h e r  
va lues  o f  emit tance than  those  ob ta ined  h e r e i n .  It shou ld  a l s o  be p o i n t e d  o u t  
t h a t  t h e r e  a r e  o the r  methods b e i n g  used t o  improve upon t h e  emi t tance  o f  space 
r a d i a t o r  m a t e r i a l s .  These methods i n c l u d e  immersion i n  a c i d s ,  k i l n  a i r  
How-  
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t r e a t i n g ,  sand b l a s t i n g ,  e lectro-chemical  t reatment ,  and combinations o f  each. 
Some o f  these methods do produce emit tance values g r e a t e r  than 0.85 f o r  some 
m a t e r i a l s  ( r e f .  12). 
CONCLUDING REMARKS 
Discharge chamber t e x t u r i n g  can be used t o  develop morphologies i n  copper, 
t i t a n i u m ,  s t a i n l e s s  s t e e l ,  and Nb(1)Zr. Each m a t e r i a l  developed a unique mor- 
phology f o r  t he  discharge chamber cond i t ions  explored i n  t h i s  paper and were 
reproduc ib le .  These m ic ros t ruc tu res  resu l ted  i n  extremely h igh  values o f  t h e r -  
mal emi t tance (0.978 and 0.983) f o r  copper a t  700 and 900 K, r e s p e c t i v e l y  and 
0.87 f o r  s t a i n l e s s  s t e e l  t ype  304, exceeding t h e  0.85 needed f o r  SP 100 r a d i -  
a t o r s .  T i  and Nb(1)Zr a l though tex tu rab le ,  d i d  no t ,  under the  present  exper i -  
mental cond i t i ons  y i e l d  requ i red  emittances. The r e s u l t s  o f  ashing i n d i c a t e  
no change i n  emit tance f o r  copper, but a decrease i n  emit tance below 0.85 f o r  
s t a i n l e s s  s t e e l ,  i n d i c a t i n g  a need t o  p r o t e c t  t ex tu red  S.S. f rom t h e  atomic 
oxygen environment. Thus, a discharge chamber o f  an i o n  source can be used t o  
change a ma te r ia l s  sur face morphology t o  o b t a i n  values o f  thermal emit tance 
h ighe r  than those o f  t h e  p r i s t i n e  mater ia ls .  
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FIGURE 1. - SP 100 POWER SYSTEM CONCEPT. 
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ORIGINIU: FKGE IS 
OF POOR QUALITY 
( A )  S.S TYPE 304. 
(B) TI ( 1 6  V. 2.5 A I ) .  
FIGURE 6. - FULLY DEVELOPED MORPHOLOGY of S.S. TYPE 304 AND T I  (16 .  2.5) 
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FIGURE 7. - MORPHOLOGY OF NB (1%) Z R .  
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FIGURE 10. - SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 304 
AFTER VARIOUS TREATMENTS. 
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